CHAPTER 4

FI ELD STRATEGY AND ANALYSI S PROCEDURES

This chapter describes the procedures of the research: (1) the
sanpl ing survey strategy used for the two areas of Cochabanba; (2) the
definition of the size of archaeol ogical site, and the cal cul ation of
occupational areas by period; (3) the statistical analysis conducted
with the land use data collected; and (4) the information provided by
the ceramic material obtained fromthe surface collections. The
obj ective of this research was designed to generate regional data to
assess di achroni c changes in human-1and rel ati onshi ps. A random sanpl i ng
survey strategy was adopted to study the regional distribution and
| ocation of settlements and its relationship to soil productivity in
each area of research.

Regi onal settlenment survey has | ong been recogni zed as a powerful
tool for investigating how prehistoric peoples settled a region
expl oited resources, and managed their surrounding territories (Adans
and N ssen 1972; Blanton et al. 1981, 1982; Drennan et al. 1985, 1991
Fl annery 1976; Kowal ewski 1990; O Brien and Lewarch 1992; Parsons 1974;
Steponaitis 1978; Trigger 1968; WIlley 1953; WIson 1988).

bj ectives of the field strategy
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The settlenent survey in this research had two maj or objectives:
(1) recording the spatial distribution of settlenents in relationship to
particul ar topographic and soil zones; and (2) conparing settl enent
di stribution by period against agricultural productivity in areas of
different soil productivity, and different topographic setting. Two
research areas were chosen for the survey procedure. Conparison of the
density of occupation of settlement by period in relation to topographic
zones, and soil group zones, allows us to determ ne whet her settl enent
| ocati ons were chosen to pronote agricultural production

This research assunmes that current data on soil classification for
defining soil productivity can provide a relative neasure of prehistoric
productivity. This assunes simlar soil qualities in the past (Kirkby
1976; Kowal ewski 1982; N chol as 1989; Sanders and N chols 1988). | have
not attenpted to estinate potential popul ations for conparison with
ar chaeol ogi cal popul ati ons.

Two argunents relating to the relationship between agricultura
productivity and site location guide this investigation. First, at the
| arge scale, the nore productive soils in a given region shoul d have a
denser occupation. This |eads our working hypothesis that Tiwanaku style
remai ns should correlate positively with potential agricultura
productivity.

A second assunption, at a snaller spatial scale, is that there
should be, if not a one-to-one correlation of best soils and individua

settlement location, at |least a close spatial relationship between each
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Thus, settlenent near good soils is as inmportant as settlenent on goods
soils --representing a village catchnent area. Actual correlation of
settlement and soils will depend on the density of the settlenent, the
spaci ng of habitational conpounds, availability of good productive soils
adj acent to settlenments, and the variation of soil types in and
surrounding the settlement. In this research, because settlements sel dom
occupy conpl ete survey quadrats, and because in nmost cases the soils
surroundi ng the survey quadrat are of the sane class as the quadrat
soil, the analysis will be limted to the correlation of settlement and
soil quality in each of the sanpl ed survey quadrats.

It is unknown at this point if the scale of each of the survey
area will allow reconstruction of individual "regional systens" or a
Cochabanba- scal e system in each of the chronol ogi cal periods (see bel ow
for the limtations provided by the survey strategy itself). Assum ng
that | and use and settlenent patterns in the two survey areas are part
of a same Cochabanba regional systemwill only confuse the objective of
nmonitoring variation in those patterns in the Formative and Early
Internediate Period. There are differences in Fornative ceranics between
the two survey areas, whereas there is a comnmon occurrence of Tupuraya
style materials for the Early Internedi ate Peri od.

The common stylistic assenbl ages to the two survey areas cannot be
interpreted as evidence for an integrated political systemin
Cochabanba. Instead, assumng smaller political units, restricted to

each survey area, provides a nore useful approach for distinguishing the
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di fferences between popul ati ons using simlar assenbl ages. |n other
words, for anal ytical purposes, | will assume the existence of
i ndependent settlement systens despite what rmay or may not be suggested
by the regional distribution of particular ceramc styles.
Settl enent survey methodol ogi es: a review

The scal e of sanpling and total coverage surveys affects the
di stingui shing of spatial patterns. D scernment of spatial patterns
depend on the scale of the conparison, such as a portion of a valley, a
conplete valley, or at a nultivalley regional scale (Ebert 1993; Johnson
1977, 1981; Kowal ewski at al. 1983; N chol as 1989: 466; Paynter 1983).

The random sanpling survey strategy adopted for this research
aimed at providing a | arge and robust database on an extensive spatia
scale in two survey areas. This strategy allows rel ational assessnent of
soils types and occupation density in order to nonitor human-|and
di achroni c rel ationshi ps and envi ronmental context of human occupation

Whet her to sanple a large area, or fully cover a snaller one, is
a very inmportant issue for the archaeol ogi cal researcher (Kintigh
1990: 239; Wial en 1990). A sanpling survey totalling 20 kn* is a nore
time consum ng strategy than surveying a contiguous area of 20 knt in a
100% cover age survey strategy. For the objectives of this research, the
i deal strategy was one that would generate a | arge-scale picture of the
range of diversity in settlenment location and differences in the soi

productivity.
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My sanpling strategy could not produce data to reconstruct, for
exanpl e, site typologies and settlement hierarchies (Cumey 1976, 1979;
Evans and Coul d 1982; Flannery and Marcus 1983; Johnson 1981;
Steponaitis 1981). Nor does it allow nearest-nei ghbor spatial analysis.
Total coverage surveys are the ideal strategy to gather data for these
pur posesl. However, issues of settlenment dispersion, hierarchies, inter-
site distances, or overall distribution patterns, are not critical to
the questions posed in this research. The information that is critica
deals with the relationship between settlenment and environmenta
characteristics relating to agricultural production

The limtations of surface survey, in general, have been well
noted i n nunmerous contributions on archaeol ogi cal survey (Amrernan 1981
Bi nford 1964, 1992; Hol e 1980; Parsons 1990; Plog 1986, 1990b; Pl og,
Plog and Wait 1978; Read 1986; Schiffer et al. 1978). Parsons (1972; see
al so Wandsni der and Cam | li 1992) notes that surface reconnai ssance
cannot hope to provide a full picture of occupation, since many sites

may be buried or disturbed. This nmakes it challenging to assess site

1 Sanmpling data, however, can be used for neasuring settlenent

di spersion using Mirisita's index of dispersion, which needs data on
site frequency per contiguous or non-contiguous sanple units (Shennan
1991: 324).
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si ze using surface evidence, using recorded sites to estimate density of
occupation, and using surface sherd density to make denographic
estimates. Despite these problens, survey research has provided
i mportant insights on the evolution of settlenment patterns in many
regi ons (Adans 1972; Blanton et al. 1982; Kowal ewski et al. 1989;
Sanders et. al 1979; Schreiber 1992; WIson 1985). Even if, as Parsons
suggests, survey results are biased sanpl es of original settlenent
patterns, and site size estimations and popul ati on esti nmati ons based on
sherd densities are inaccurate paraneters, archaeol ogical settlenent
patterns serve as essential lines of evidence for studying settlenent
evol uti on.

Gher limtations of regional survey relate to the useful ness of
"partial" information, the definition of size and shape of the survey
units (Sanders at al. 1979: appendix E, Plog 1976), and the statistica
limtations of probabilistic survey methods (Nance 1986). However, many
of these issues also affect "total" coverage strategies; both require
maki ng choi ces concerning intensity of coverage, teamsize, etc., thus
precluding in nost cases obtaining true "total coverage" results.

Finally, the potential that a sanpling strategy will mss the nost
important site(s) in the survey area, and therefore skew the
interpretati ons nmade with the sanple, has sonetines been used as an
argunent agai nst sanpling. As nuch as this is a real possibility,
sanpling strategi es are not designed or intended to find | ow density or

uncomon site types --the "Teoti huacan" cases-- such as regiona
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centers. Nor are they designed to provide information on the total range
of settlenments in each area. In ny research, this survey was designed to
assess the rel ationship between agricultural potential and the nost
common site types (villages and honest eads).

Random sanpl i ng survey strategy

M/ research goals entailed: (1) getting |arge-scale spatia
coverage; (2) being able to place sites in a relative chronol ogy; and
(3) generating conparable data sets fromtwo areas.

The conparative analysis of two areas of the regi on was needed to
assess potential differences in occupation on agricultural areas in the
I nternedi ate Period, when Tiwanaku style nmaterials are the dom nant
decorated pottery style in both survey areas. At the smaller scale,
conparison allows us to discern simlarities and differences in | and use
patterns through time anong each regi on. The | and use and settl| enent
patterns in the Tiwanaku Internediate Period can thus be contrasted with
the settlenment patterns for the Formative and Early Internedi ate Period
in each region.

I dentical survey strategies were conducted in both areas in order
to have two sets of fully conparable settlenent data (Appendices A and
B). This provided an adequate dataset for maki ng general inferences
about a larger universe using statistical nmeasurements on a controlled
sanmpl e. The | arge nunber of "observations" provided by this sanpling

strategy (vs. one observable sanple unit in a 100% coverage survey of a
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smal |l er area) hel ps to narrow the error range of the estimtes (and
interpretati ons) based on the popul ati on sanpl ed.

Ter m nol ogy

Several terns used in this dissertation nust be defined. Survey
quadrats are the 250x250 msquare units into which the survey area was
di vided. A sanple of these quadrats was randomy drawn for research
(Figure 23 and 24). The conpl ete area of each quadrat was surveyed in
order to obtain the sanple of sites for the analysis. A site was any
cultural remains on the surface, either sherds or architectura
features. The di mensions of each site were defined by the spatia

di spersion of surface nmaterials. Lot collections are surface pottery

sanpl es obtained either randomy or judgnentally froma site. Isolated
scatters of sherds (with less that 10 sherds) were recorded as off-site
| ot collections, not as sites.

Nunber of sites is not sinply the count of sites. Instead, it is

the sumof the site fractions, or the fraction of each site that falls
within the boundaries of the survey quadrat. The fraction is thus
determined by the total area of the site recorded in the survey. For
exanpl e, Figure 23 shows the distribution of sites and survey quadrats
i n the Capi not a- Parotani survey area; the conplete area of the 49 sites
is presented, but not all of each 49 sites fell within a quadrat. If a
site lay conpletely within a quadrat and another site has one third of
its area within the quadrat, the nunber of sites is 1.3 sites

(Appendices C and D part 2). The actual count of sites recorded (i.e.
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49) is not used in the analysis. Rather | use the site fraction within
the survey quadrat to determ ne the occupation area by period. This
procedure conplies with the goal of sanpling to analyze strictly what is
recorded in the sanpl e and obtai n measurabl e variation of the objects
sanpl ed.

Qccupation by style or period, based on the presence of a pottery
style or assenblage, refers to a single tenporal conponent in a site,
e.g., the Tiwanaku style occupation of site M 13. Therefore,
mul ti conponent sites have several occupations. Definition of the

occupation area by period is based on the presence of pottery styles in

the ot collection and in the area of the lot collection within the
survey quadrat. For exanple, if the Tupuraya style is present in five of
seven collections in a site, and the site covers 4 ha within the survey
guadrat, the estimated size of the Early Internedi ate Period occupation
is 2.85 ha. This procedure takes into account the reality that
occupation often continues on the sane spots, and, yet, at the same
time, that different occupations can occupy different areas within a
site.
Survey procedures

| arbitrarily decided on a survey area of 200 kn? in order to
provide an area in which the sanpling units could be widely distributed.
Further, | wanted each area to enconpass a portion of a river drai nhage
and to include different topographic units (i.e., alluvial, piednont,

and nountain zones). As described in Chapter 3, the nmountain ranges that
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separate drai nages naturally define the boundaries and shape of the 200
knt survey: a linear and long river valley for Capinota-Parotani, and a
circular basin with a confluence of rivers for the Mzque area.

Despi te sone general expectations as to distribution of settlenent
in each area (for exanple, that settlenents are likely to have been
| ocated al ong water sources like rivers or seasonally watered quebradas)
the survey area by design included | ands outside the alluvial zone to
provide a conplete picture of regional settlenment distribution

Definition of the sanple size

A north-south oriented 250x250 mgrid divided each survey area
into 6.25 ha. square units. The size of the survey quadrat was defined
after a prelimnary assessnment of average site size in the survey areas.

The smal | size of the quadrat ensured a |large sanple, widely
di stributed throughout the survey area. |In essence, a |larger nunber of
gquadrats will produce nore accurate error ranges for the estinates of
total site population and for the estimated occupati on area period than
| ess quadrats. In fact, nore inportant than quadrat size, is the nunber
of quadrats required for survey. This figure depended directly on the
paraneters that set the sanple size (see bel ow).

The size of the survey quadrat did not insure the conplete
i ncl usi on of each recorded site within the quadrat boundaries. This
"edge effect", where the site extends beyond the boundaries of the
survey quadrat, is reduced in |arger quadrats where | ess doubts occur

about the proportion of the site included in the quadrat area (Schiffer
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et al. 1978). The assessment that nost sites are smaller than the size
of the quadrat was accurate; 70%of the sites recorded in both areas
were smal l er than the survey quadrat. Not all of each site, however, |ay
within the survey quadrat. If a site exceeded the arbitrary boundaries
of the survey quadrat, the total dinmension of the site was determ ned
However, as expl ai ned above, only the fraction of the site within the
survey quadrat boundaries was used for nunber of sites and occupation
area figures; this procedure reduces the "edge effect” caused by the
occurrence of a site in only a portion of the survey quadrat (Nance
1985: 349) .

The size of the sanple to be drawn fromeach 200 kn? survey area
(i.e., how many survey quadrats to be surveyed in each area) was
est abl i shed through previous data (CUVAT-Pereira 1991) and persona
observations in both survey areas. Gven an estimated site density of 3
sites per kn¥, and an estinated standard
deviation 1.5 sites, | wanted an error range of not nmore than .5 sites
at the 99% confidence |evel 2.

Fromthis calculation, | concluded that a sanple of 60 sites was
needed to nmake estinmations of density and size with a 99% confi dence
level. By using relatively small quadrats of 250x250 m that is 6.25 ha,

| expected to find .1875 sites per survey quadrat. Therefore, the survey

2 O = 1.5 sites per knt; t = 2.576 (p=.01; df=~); ER = .5 sites
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needed to cover 318.5 survey quadrats in each research area. This nunber
was rounded up to 320 survey quadrats, making a total area of 2000 ha,
that is 20.00 knm?# (or 10.0% of the 200 kn% survey area

An interesting methodol ogi cal observation coul d be nade at the
concl usi on of the surveys. Neither survey procedure recorded the
required 60 sites --calculated as the sumof the fractions of sites with
the quadrat sanpl e-- needed to assess settlenent spatial distribution at
the confidence level | had set. Instead, 35.05 sites were recorded in
t he Capi nota-Parotani survey area, and 18.22 sites in the Mzque survey
area. The difference between the nunber of sites expected fromthe
sanpl e and the nunber found is largely a consequence of ny inaccurate
prediction of site density in the research areas.

Survey procedures

A sinpl e random drawi ng sel ected the 320 survey quadrats in each
survey area. The survey was conducted with plates prepared from 1: 20, 000
scal e aerial photographs and with 1:50,000 scal e topographic nmaps from
the Bolivian Instituto Geografico Mlitar. An accurate plotting of
survey quadrats and sites on the plates was nade possible by the aeria
phot ogr aphs that showed topographi cal features, such as streans,
guedradas or hills, or the railway. The lack of 1:10,000 scale naps for
both research areas and an inconplete set of aerial photographs for the
southern half of the Capinota-Parotani survey area presented a few

probl ens. The location of sites and/or artifacts concentrations was
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doubl e-checked in the field with the aerial photographs and 1:50, 000
t opogr aphi ¢ naps.

Sites recorded were nunbered consecutively with a prefix CP and M
for the Capinota-Parotani and M zque survey areas, respectively. The
survey was conducted by two teans of five persons covering each one
. 0625 kn* survey quadrat at a tine. Once the southwest corner of the
survey quadrat was |ocated with help of the aerial photographs or naps,
a conpass hel ped to orient the boundaries of the quadrat. There is
surely a margin of error in the location of the first corner of the
survey quadrat. The variation in distance fromthe real point is
difficult to calculate. But since every single quadrat was | ocated with
the same nethod, that variation should apply to each quadrat surveyed

The nenbers of the teamwal ked in parallel strips, 30-40 mapart
(i.e., survey intensity), followi ng the natural contour of the
t opogr aphy. Steep slopes and eroded quebrada walls of survey quadrats
were actually not wal ked as intensively as the flat terrain and | ow and
nmedi um sl opes. These areas w th geol ogi cal disturbances and/or abrupt
t opogr aphy have a | ow probability of having been areas of prehistoric
settlement; and even if this assunption is incorrect, these sites would
have been obliterated by erosion. A though surveys were conducted during
the dry season, spinous vegetation was a factor in slow ng down the pace
of the survey teans. H ghly vegetated areas were surveyed when they were

not | ocated on the steep slopes, crevasses or quebradas.
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Al the survey quadrats selected in the sanpl e were surveyed
without major difficulties with the small-scale | and owners (cf. Mathews
1992). Nor did any sanple quadrats have to be replaced due to | ack of
access. Additionally, the survey period coincided with the initia
agricultural tasks of the nmodern popul ation, and therefore | ess
interaction with | ocal people occurred. By the end of the survey period
in the Capinota-Parotani survey area (early Decenber), extensive plow ng
and cultivation had obliterated inland paths that had previously all owed
us to reach inland survey quadrats. Plowing activities only disrupted a
coupl e of the last days of the survey season

Finally, the survey strategy adopted an informal inspection of
areas which were not in the sanple of survey quadrats, particularly when
the teans wal ked to the quadrats selected for survey. The sane data was
recorded for these inter-quadrat sites --2 sites were recorded in the
Capi not a- Parot ani survey area, and 16 in the Mzque survey area.
However, these additional sites will not be used for the analysis
perforned in the next chapters.

Spatial analysis of settlenent and soil patterns

Settlement study of each period in each survey area entailed: (1)
nmeasuring the total site area, and area of site within the survey
guadrat, based on the size of the surface scatter and architectura
features; (2) obtaining surface lot collections to assess the site
occupation by period based on pottery styles (Figures 25-30); (3)

recordi ng vegetation, topography, and size of soil types in each survey
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guadrat, and whether or not a human occupati on was present (Dunnell and
Dancey 1983; Appendices E and F); and (4) recording architectural and
agricultural features (i.e., terracing and canals; Appendices C and D
part 1). The degree of disturbance produced by nodern pl owi ng, |ooting,
and sl ope erosion was al so recorded.

The above survey information was critical to identifying,
measuring, and estimating total occupational area for the three soi
groups and topographi c zones by period for each survey area (Tables 5-
7). The central analysis lay in determining if they were: (1)
significant differences in the settlenent popul ation by period of each
survey zone, with a larger occupation occurring in the nmost favorable
agricultural area, especially during the Internediate Period; (2)
preferences for settling in particular topographic or soil group zone
within each survey area; (3) changes through tine in the total estinated
occupation area or in the percentage of occupation of each topographic
and soil group zone.

The percentage of occupation by topographic and by soil zone is
central to the identification of settlenent preferences. This is
anal yzed usi ng the percentage of occupation of each topographic and soi
zone individually, and not the occupation distribution among the three
t opographic or soil zones. In a randompattern, with no intentiona
focus on any particular zone, we expect that the occupation distribution
woul d be proportional to the area of each zone (e.g., if the piednont

zone nakes up 50% of the area it is expected that 50% of the
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occupational area will be in that zone). M/ research ained at noting
departures fromsuch random patterns. The preferred zone woul d be the
zone with the highest percentage of its area occupied, with respect to
the other two zones.

I dentifying significant synchronic and di achronic differences
between and within zones and periods is aided by the graphic conparison
of the means and error ranges at a 95% confidence |evel. These graphs
reveal whether the differences between the sanples are the result of
randomvariation in the sanples or if they are the product of
significant (i.e., preferential) variation in the occupation area, or
percent age of occupati on by zones.

These statistical anal yses answer the question of whether
settlenent patterns in the Formative, Early Intermediate, |Internediate,
and Late periods can be "expl ained" by the sane factors, such as a

preference for settling the nost productive soils.

Surface collections and cerani c anal ysis met hodol ogy Random
and judgmental surface artifact collections were made at each recorded
site. Randomcollections were conducted in those sites that: (1)
presented (after a careful inspection of the surface remains) multi-
conmponent occupations; and (2) had a high density (>15 sherds/n%) of
sherds on the surface. Judgnental collections were conducted in site
that: (1) had a very low density (<15 sherds/nt) of sherds on surface;

and (2) presented a single occupation. Some sites required both types of
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collections. Lot collections were not limted to the portion of the site
within the survey quadrat

The random col | ection units consisted of circular areas of 2.5 m
radius (21 n?) randomy placed within the site. Al ceranic fragnents
and other artifacts were collected in these randomy | ocated circles.
Judgrent al col |l ections were nmade fromthe diagnostic surface remains
found in different sectors of the sites.

The ceram c analysis of each ot consisted of: (1) documenting the
proportions of each pottery style (Appendices C and D part 7); (2)
defining the occupation area by period based on the fraction of the site
area within the survey quadrat; and (3) mapping the spatial distribution
of stylistic conponents to reconstruct the | ocation of settlenment by
period. Full analysis of pottery types was limted to the Tiwanaku style
material s and was nmade to conpare the assenbl ages of both survey areas.

In many cases the analysis of collections produced some
"unidentified" material, nostly utilitarian pottery. The reliability of
surface materials for dating sites thus varied. As a result, occupations
characterized by | ess decorated pottery would tend to be
underrepresented, as are deeply buried sites.

The spatial distribution of each pottery style was napped by
period by using the lot collection in which it occurred. However, the
total area of the lot collection does not represent the occupation area
Qccupation area, as noted earlier, are based on the areas of site

falling within the survey quadrat (Figures 31-39).
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The sites and lot collections of a sanpling strategy represent but
a portion of the original prehistoric occupation. Therefore, | have
included in every map an indication of the sanple of quadrats surveyed.
In addition, conparing the settlenent and style distribution maps by
period inevitably generate a picture of "punctuated' change, not
capturing gradual stages of site occupation and abandonnent (Dewar 1991

Ammer man 1981: 77).



